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*E*rectile dysfunction (ED) also known as impotence was described by the National Institutes of Health Consensus Panel on Impotence as a persistent or recurrent inability to have sufficient erection for satisfactory sexual performance.\[[@ref1]\] ED is a major problem worldwide. It is estimated to affect more than 150 million men worldwide and affects the quality of life of patients.\[[@ref1][@ref2]\] It can cause stress, affect self-confidence and contribute to problems in the relationship with their partners. ED is usually experienced at the age ≥40 years.\[[@ref3]\] In Massachusetts, the prevalence of ED was 52%, with 5--15% of complete impotence tripling in the age range of 40--70-year-old men.\[[@ref2]\]

Periodontitis is a chronic inflammatory multifactorial disease commonly caused by plaque biofilm, involving the supporting structures of the teeth and may result in the loss of dentition if left untreated. Globally, around 5--15% of patients with 34--45 years of age suffer from severe periodontitis.\[[@ref4]\] Chronic periodontitis (CP) has been demonstrated as a significant risk factor for various systemic diseases such as coronary heart disease, adverse pregnancy outcomes, diabetes mellitus and respiratory disease. Systemic exposure to periodontal pathogen and periodontal infection-induced systemic inflammation was thought to be associated with these systemic conditions.\[[@ref5]\]

Both diseases are multifactorial and share common risk factors (smoking, diabetes mellitus, and cardiac diseases) and both can predispose to endothelial dysfunction.\[[@ref6]\] Hence, studies in the recent years have tried to explore the link between periodontal disease and ED by contributing to an increased level of endothelial dysfunction.\[[@ref7][@ref8]\] However, the evidence is inconsistent, and hence this review highlights the link between ED and CP. It would be beneficial to increase awareness among general practitioners and the public regarding the association between two diseases.
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ED is a multifactorial condition, which can be caused by the organic (hormonal, vascular, drug induced) or psychological reasons, or a combination of both.\[[@ref9]\] However, the most common cause is the vascular disease. The exact pathway is still unknown. Following mechanisms have been proposed to explain this relationship.

Endothelial dysfunction {#sec2-1}
-----------------------

Endothelial dysfunction refers to various pathological conditions, such as alteration in anticoagulant and anti-inflammatory features of the endothelium, impaired vascular growth modulation, and dysregulation of vascular remodelling.

Atherosclerosis is the underlying pathology of the cardiac disease. Evidence suggests that atherosclerosis arises from the combination of endothelial dysfunction and inflammation. The blockage of the cavernosal arteries by atherosclerosis as well as the impairment of endothelial function or smooth muscle relaxation may result in the ED.\[[@ref10]\] Endothelial dysfunction is the key event in the pathophysiology of ED, and this was also found in other vascular beds, in males affected with penile vascular dysfunction.\[[@ref11]\] Atherosclerosis begins first in the small vessels such as the penile vasculature, and later in larger arteries such as the coronaries.

Advanced age is a strong predictor of endothelial dysfunction in elderly patients.\[[@ref12]\] In ageing males, not only CP is a source of inflammation that may damage penile endothelial function, but some other common pathological conditions, such as smoking, hypertension and obesity, can also induce endothelial dysfunction.

Inflammation {#sec2-2}
------------

Increased risk of endothelial dysfunction may be associated with high levels of inflammatory mediators such as interleukin (IL)-6, IL-8, tumour necrosis factor-alpha (TNF-α), and IL-1.\[[@ref13][@ref14]\] TNF-α plays a key role in the induction of endothelial dysfunction.\[[@ref15]\] CP also induce these local and systemic elevation of proinflammatory cytokines, such as TNF-α, IL-1 and IL-6.\[[@ref16][@ref17]\] Furthermore, multiple studies have shown a reduction in TNF-α levels after successful periodontal treatment.\[[@ref18][@ref19]\] It was also evident that significant higher plasma levels of TNF-α were associated with moderate to severe ED\[[@ref13][@ref20]\] owing to their known effects on the vasculature.\[[@ref21]\]

Oxidative stress {#sec2-3}
----------------

Endothelial dysfunction resulted from chronic inflammation is associated with an increase in reactive oxygen species (ROS).\[[@ref22][@ref23]\] This excess production of ROS resulted in the increased inactivation in nitric oxide (NO), and the damage to the antioxidant system may contribute to endothelial dysfunction in patients with periodontitis.\[[@ref8]\] In a study on rat model, it was reported that the periodontitis-induced mild systemic inflammation resulted in the decreased expression and activity of endothelial NO synthase in penile cavernous tissue.\[[@ref24]\]

Periodontal pathogens {#sec2-4}
---------------------

Periodontal microorganism such as *Porphyromonas gingivitis* or their toxin could gain access into the blood circulation which may directly invade the arterial wall and subsequently lead to vascular inflammation, atherosclerosis and directly affect the endothelial function.\[[@ref25]\]

E[VIDENCE]{.smallcaps} L[INKING]{.smallcaps} O[RAL]{.smallcaps} H[EALTH TO]{.smallcaps} E[RECTILE]{.smallcaps} D[YSFUNCTION]{.smallcaps} {#sec1-3}
========================================================================================================================================

Multiple studies on human have been conducted in various parts of world to explore this relationship and reported the potential association between CP and ED in past few years \[[Table 1](#T1){ref-type="table"}\].

###### 

Summary of human studies explored the link between CP and ED
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First preliminary study\[[@ref26]\] in 2009 explored the link between ED and CP, reported the significantly higher prevalence of CP in men with mild ED and moderate to severe ED in comparison to men without ED. The authors concluded that ED might be associated with CP. The finding of this preliminary study was supporting the theories that associate these conditions, with systemic inflammation, endothelial dysfunction and atherosclerosis.

Sharma *et al*.\[[@ref27]\] studied the ED patients diagnosed clinically with penile colour Doppler. Prevalence for CP was increased continuously from the mild to severe vasculogenic ED group and highest among severe vasculogenic ED group. Non-statistically significant positive correlation was found between CP and vasculogenic ED. Vascular insufficiency was found in two out of five patients randomly selected for cardiac colour Doppler.

In a single-blinded randomized controlled trial (RCT), Oguz *et al*.\[[@ref28]\] reported that the ED was 3.29 times more likely in severe CP patients than periodontal healthy men and a significantly high association between ED and the severity of CP. The author suggested that it will be of benefit to consider periodontal disease as a causative clinical condition of ED in such patients.

Matsumoto *et al*.\[[@ref29]\] found that ED is related to the damage caused by endothelial dysfunction and the systematic inflammatory changes associated with CP and suggested that dental health is important as a preventive medicine for ED.

Uppal *et al*.,\[[@ref30]\] in a clinical cross-sectional study, found a positive correlation of ED with CP and statistically significant mean difference in radiographic bone loss in moderate and severe ED group when compared to mild ED group.

Data from the nationwide population-based, cohort studies\[[@ref31][@ref32][@ref33]\] indicated the strong association of CP with ED. CP plays a key role in the pathological process of ED and is a risk factor that is independent of other morbidities and risk factors for ED. Furthermore, the much stronger association was found among the younger (\<30 years of age)\[[@ref31][@ref33]\] population and also in older men of more than 59 years\[[@ref32]\] and more than 69 years.\[[@ref31]\] Recently a study,\[[@ref34]\] in younger age group (18--28 years) highlights the significance of oral hygiene might influence sexual life even in the young male population.

Systematic reviews {#sec2-5}
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Furthermore, evidence from recent systematic reviews\[[@ref35][@ref36]\] and meta-analysis\[[@ref37]\] of available literature also revealed the positive association between CP and ED. The pooled odd-ratio of the included studies in meta-analysis\[[@ref37]\] showed that patients with ED were 3.07-fold more likely than controls to be diagnosed with CP. It was emphasised that physicians should refer patients with ED to oral health care providers for a comprehensive oral evaluation and treatment. Dentists and physicians should collaborate to manage and monitor patients with either CP or ED because of their potential association not only with each other but also with more serious systemic diseases.
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In an RCT\[[@ref38]\] conducted to evaluate the direct effect of periodontal treatment on ED, highlighted a statistically significant higher improvement in periodontal health and IIEF scores in the intervention group than that in the control group (*P* \< 0.05) at 3 months. However, this study does not report the effect of periodontal treatment on the level of TNF-α but the results of this study provide evidences that periodontal treatment can help to reduce ED. Successful periodontal therapy has been also demonstrated significantly improvement in the endothelial function\[[@ref39][@ref40]\] in patients with associated hypertension or cardiovascular disease as well as decreases the levels of TNF-α in patients with progressive periodontitis.\[[@ref18]\] Additionally, the lower association was reported in patients receiving a gingivectomy or periodontal flap surgery and ED than those without any treatment at all for CP.\[[@ref31]\] The dental extractions attenuated the development of ED in CP induced inflammation of all age groups except younger population, as the dental extraction procedure involves the reduction of inflamed tissue.\[[@ref32]\]
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In the light of available literature, evidence indicated positive link in CP and ED. It was also suggested that CP should be considered risk factors for ED and treatment of CP might be helpful in the improvement of ED. The importance of oral health should be given by dentist and physician as a preventive medicine for not only ED but also for more serious systemic diseases in the best interest of patient health. Patients should be advised to visit dentist regularly for oral health screening. Further, well-designed multicentre clinical trials with long-term follow-up are required to draw stronger evidence.
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